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Forty pared plots were edtablished fromeastern Texas to Alabama to study root-infecting, blue-
stain fungi in southern pine stands undergoing southern pine beetle (SPB) attack. Woody roots
were sampled in plots undergoing recent or current attack by the SPB. Comparisons were made
between occurrence of Leptograghium spp. and related fungi and data on various characteristics
of naural stands and plantations-studied. Three fungal pecies. L. terebrantis, L. procerum, and
Ophiostonta ips, dong with unidentified Leptographium and Graphium species, were isolated
from sampled roots. L. terebrantis was |s;olate‘3(’3g more frequent&y from SPB-attacked plots (P <
0.001) than was either L. procerum or @ ips. More blue-stain fungal species and related genera
were isolated from SPB-attacked plets than from control plots (P < 0.001). This aso was true
for combined isolation percentages of L. terebrantis, L procerum, and 0. ips (P = 0.03). Pres
ence of blue-stain fungi also was associated with hlgher stand  Basal area in the control plots (P
= 0045). Isolation frequencies of 0. ips-and L: procerum, alongwnh the combination of these
fungal species with L. rerebrantis, were logidticaly related to increasing stand basd area in the
control plots (P = 002. 002, and 001 respectively). No logistic refationship wes found for
frequency of any of the three bluestain species with Trespect to basd area in SPB-attacked plots.
These results suggest blue stain fungi are important in the dynamics of susceptibility of southern

pines to SPB attack.

There is considerable evidence linking
the presence of root diseases and tree-
killing bark beetle attacks in conifers in the
western United States(6,7,13,18). In the
southeastem  United  States, the  root-disease
causing fungus, Heterobasidion agnnosum
Fr. (Bref.), has been associated with sus-
ceptibility of loblolly pine (Pinus taeda L)
to atack by the southern pine beetle, Den-
droctonus frontalis Zimm. (Coleoptera:
Scolytidne) (1). Recent studies have re-
vealed other root pathogens that are associ-
ated with trees exhibiting decline symp-
toms in plantations and natural stands
(3,4,18).

Root infecting fungi belonging to the
genera Leptographium Lagerb. & Melin
and Ophiostoma H.& P. Sydow have been
studied largely with respect to their rela-
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tionships with bark beetles (11). These
fungi are commonly associated with bark
beetles either as pathogens or as casual
associates found in beetle galleries (9).
Pathological relationships relative to their
presence in roots and their role in predis-
postion of conifers to stem-atacking bark
beetles have not been edtablished for many
of these fungi. This is especially truere
garding the association of these fungi with
pine roots and their possible role in proc-
esses involved in southern pine beetle
(SPB) attack. Also, little is known of the
distribution of Leptographium species in
pine roots and their relationships to this
economically and ecologically important
bark beetle. The objectives of this study
were to 1) determine the distribution and
frequency of Leptographium species and
related fungi in southern pine stands under
SPB attack and 2) determine stand charac-
teristics associated with occurrence of
these root disease fungi

MATERIALS AND METHODS

Forty paired, variable-radius plots were
established in southern pine stands over a
broad geographic warea. Thirty-one of the
40 paired plots were located in loblolly
pine stands, four were in dash pine (Pinus

elliottii Engelm.) stands, four in mixed
loblolly and dash pine stands, and one in a

longleaf pine (Pinus palustris Mill.) stand.

The plot locations ranged from Alabama to
Texas and represent a wide variety of
southern pine sites. (Exact details of plot

locations are available from the senior
author) Plot establishment was determined

by locating SPB-attacked pine trees using

the Southen Pine Beetle Information Sys

tem (SPBIS), a computerized tracking
system designed to identify and locate

active beetle attack spots (12). The major-

ity of these active SPB attack spots were

located within 1 month of attack initiation.

For each SPB plot, a control plot was es- ,
teblished by traversing a line in a cardina

direction a digance of 805 m from the due

north edge of the SPB plot. The control

plots are presumed to represent stand and

sjlte conditions present in the SPB-atacked

plots.

In each of the control and SPB plots,
data on tree species, diameter at breast
height (DBH), pine basal area, tree height,
radial growth increment, soil texture, as-
pect, stand basal area, and evidence of
previous site disturbance were recorded.
Treess used for determining DBH and radia
growth measurements were obtained by
selecting three dominant or codominant
trees nearest the plot center. The height
measurement used to obtain Site index
values for each SPB and control plot was
measured by randomly selecting one of the
three trees closest to the plot center.

Roots from the three trees in each plot
were sampled using a modified two-root
excavation method (2). All root samples
were taken within 30-40 days of initial
attack dates recorded on SPBIS records.
Two primary lateral root segments greater
than 3 cm in diameter from each of the
three plot trees were excavated with hand
tools to a distance of approximately1m
from the root collar. Twenty-centimeter-
long sections of root were cut beginning a
16 and 50 cm from the root collar from
each root. The samples from each tree
were placed in a plastic bag and kept
chilled in ice chests no longer than 48 h
before transportation to the laboratory. Two
hundred and forty trees were sampled on
the 80 plots in this study.



Root samples w
ning tap water,mr«‘ ied
x 05 cm sections, The
surface dmnfecwd by
ethy] alcoho} and
sections from the16- a

tract. agar (M BA), m

or resinosis was obserqu onz 30 3
isolations were made at the margl ns of
such features. Qtherwise, . isolations
made from several:. points @ggg the root,
sample. Subcultures were.. made from
plates exhibiting.fungal growth for identi-
fication and further study. ..

The study design was a:rando
block design in which each block consisted
of a SPB-attacked plot and a non-attacked
control plot. Thus, the overdl study had 40
blocks. Test of-differences in stand char-
acteristics between SPB and control plcis
used a Sandad randomized block analysis,
Because there were only two treatments,
the analysis was equivalent to a paired ¢
test. Analysis of presence: or absence of
bluestain fungi.was on:g-plot bass where
one confirmed fungal isolate from one tree
in a plot was sufficient toscore that plot
positive. Differences in.proportion. of SPB
and control plots with blue-stain fungir
utilized the McNemar .test (3), taking into.
account  the blockmg sructure of the study.
Logistic regression methods *sing PROC
LOGIST (SAS Ingtitute Inc.; Cary, NC)
were used to model the association be- '
tween blue-stain fungi and, stand condi-
tions.

RESULTS

Cycloheximide-amended  and. unamended
MEA were equally effective in. |solat|ng,
blue-stain fungi. The fungal: species iso-
lated from the root samples were 0. ips
(Rumb.) C. Moreau, L. terebrantis Barras
& Perry, and L. procerum (Kendr.) wing-
field. H. annosum was not isolated from
any root samples. Unidentified species of
Leptographium and Graphium Corda iso-
lated from root samples were included in
certain  analyses.

The SPB plots sampled were either un-
der current attack or were recently vacated
(within 2 weeks of sample) as determined
by presence of fresh pitch exudates or
tubes, off-color foliage, and presence or
absence of exit holes in the bark of at-
tacked trees. Stand characteristics were
similar between SPB-attacked and control
plots (Table 1). Control and SPB plots
within natural stands or plantations also
had similar stand characteristics:(Table 2),
The propomon of bluestain fungi isolated
from plots in either plantat|ons or natural
stands was gcnerally hig

blu ain g| in SPB- aItacked pIots than
in‘the ‘coitrol plots (Tab 2). Control plots
with blue-stain fungi, inc AtHose not
i ed to-species, tendéd to have higher

‘atea than did control plots from
which no *bluestan fungi were. isolated.
$?B plots with blue-stain fungi had a
higher 10-year growth increment than
those SPB. plots, ftom which no bluestain
fungl Were: 1salated (Table 3.

When al three identified blue-stain spe~

cies were pooled, -a: significantly higher
frequency of occutrénce of these fungi was
present’in the roots of SPB-infested plots
(50%) relative to the control plots (25%)
(Table 4). Overall, blue-stain fungal iso-
lates, including the unidentified Lep-
tographium and Graphiwm isolates, also
had a higher frequency-of occurrence in the
SPB plots (87.5%) as compared to control
plots (45%). Of the three identified blue-
stain species, only L. terebrantis Was pres-

Table 1. Comparison - sarla ‘cnardcienisuct vetween conw'orana soutiemn pine beeut (SVYB) pairea’

plots

Mean
Stand charactéristics Control SipB P value®
Total basal ‘area, nMa 3 259 0.14
Pine basal area, m¥%ha 254 237 0.26
DBH; ¢m 1226 226 0.93
Age, years 255 253 0.84
| m 19.2 19.6 031
H&s5-yearadiagrowth, Cm 39 38 0.82
10-year radial growth, cm 9.3" 8.7 0.14
Site indéx®, m 274 28.2 0.11

2 Results of a paired ¢ test comparmg differences between variables for 40 paired plots from the con-

trol and SPB infested stands.
N = 37 paired, plots.

¢ Site index basedon:height of codominant trees a age 50.

Table 2. Means of stand characterigtics for control and southern pine beetle (SPB) infested paired

plots in natural stands or plantations

Natural stands® Plantations®
Stand charscteristies ', Contr ol SPB P values Control SPB P value
Total basal area (m%ha) 26.2 239 0.506 28.7 26.6 0.193
Pine basdl area (m?/ha) 19.8 216 0491 27.3 24.5 0.112
DBH (cm) 256 26.9 0.382 216 21.3 0.468
Age (years) 358 38.6 0.348 221 209 0.097
He|ght ao? 213 232 0.105 185 184 0.904
S-year radia growth (cm) 28 29 0.782 42 41 0.731
10year raddvgowth (cm) 679 6.59 0.677¢  10.1° 9.4 0.160¢
Site index (m @ age 50) 259 26.2 0.758 280 289 0.095
Proportion of blue:stain fangi 0.30 0.50 0.625' 0.37 0.80 0.002

4 N = 10 paired plots.
b N = 30 paited-plots.

¢p valm were obtained from a paired ¢ test based on the difference between control and SPB plots

for the specified stand characteridtics.
* N = nine pairgd plots.

¢N = 28 paired plots.

{ McNemar test.

Table 3. Stand characterigtics for plots without and with the presence of blue-dtain fungi in the con-

trol and sotthern pine beetle (SPB) plots

Control SPB
Without With without  With
Stand characteristic ‘N=26 N=14 vpvalue* N=z11 N=29 P vaue
Total basd area, m7ha 263 315 0.045 245 264 0.392
Pine basd area, m’fha 239 2821  0.146 230 24.0 0.670
DBH, cm . 223 22.9 0.728 229 26 0.905
Age, years 263 24.1 0.437 294 238 0.100
Height, w 19.0 195 0.692 203 19.4 0.521
5.year radial growth, om 39 38 0.873 31 41 0.076
Wi.year radial growth, Cm 9:2° v g5 0751 6.4¢ 93 0.034
Site index, m @ &ge 50 27.0 283 0.265 212 286 0.280

ip ‘lnimsmmd from.a two.-sample ¢ test of the difference between plots without and with blue-

;and charactensuc
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Table 4. Percentage of sauthem pme beetle (SPB) and comrol plots with each type of bluestam
fungus and tests for significa b

Blue-stain fuigus

0phio§tbma - ins

Leptographium terebrantis fw, 275 L 25 " 0.001
Leptographium procerum : 225 150 & 051

All three species pooled &4 500 ;250 0:03

All blue-stain genera® 875 . 450 0.001

a Differences between SPB:and’ contml plots & percentages of blue-stain fung1 were tested with the
McNemar test.

¥ Includes unidentified Leptographmm and Graphium SPp.

v SPB

"¢ + P =041 Allthree blue-stain species
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Fig. 1. Three logistic regresson models for the proportion of plats having blue:stain fangi expressed
as a function of totdl basd area (m%ha) in southemn pine beetle (SPB) and control plots. Tk
oled

associated data points, and P values for SPB and control plots repe

blue-stain spemes(Ophmstoma ips, Leptographiam terebrantis, and L. procerumy an indivi al data '

for the blue-stain species 0. ips and.L. procerum.
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ent in sjghificantly more plots infested by

thc Ufmb’ me%.il #haw in “n“"GL.RIOI‘i.uvu

(2.5%). 0. ips and L. procerum also were
numerically present more frequently in
SPB than in control dots (Table 4).
Among the stand variables measured,
only total basal area of the control plots
was significant in the logistic regression
moddl. with respect to the occurrence of the
identified species of bluestan fungi (Pig.
1). The logistic model with al three blue-
stain fungal species pooled was significant
a P= 0.0 while the models for 0. ips and
L. procerum were each significant at P =
0.02. Thelogistic model for L. terebrantis

. could not be“fit because of the low fre-

quency of occurrence of this fungus in the
control plots. The SPB plots were non-
sgnificant for any sand variables relative
to the three blue-dtain fungal Species.

DISCUSSION

There is an association between SPB
attacked trees and- presence of blue-stain
fungi in” southern : pine roots. Little is
known about the role of these fungi in pine
roots with respect to their effects on pre-
disposition of trees to attack, although
evidence associating ' these fungi with de-
clines of various pine species is mounting
(11,17,22). ‘Resinous lesions and staining
in sampled roots associated with isolation
of L. procerum, 0. ips, and L. terebrantis
were observed. In the control plots, no
crown symptoms were observed in trees
where we isolated these fungi from roots.
Pathogenicity of these fungi to loblolly
pine stem tissues has been demonstrated
(21); however, the mechanisms involved in
root infection remain unknown in this tree
species. The black turpentine beetle, Den-
droctonus terebrans Oliv,, atacks the basd
stem and large roots of various pine spe-
cies. The three blue-stain fungal species
identified in this study are dso reported to
be carried by D. terebrans (24) and L. tere-
brantis has been associated with mortality
in various pine species (16,23,24). Black
turpentine beetle attacks were observed
only in one sampled tree in three plots and
was therefore not consdered a factor influ-
encing the occurrence of L. procerum, 0.
ips, and L. terebrantis. Root-feeding bark
beetles  (Coleoptera:Scoly-tidag)  have  been
implicated as vectors or wounding agents
in conifer root diseases caused by various
blue-stain'fungi (11,17,20). In this study, L
terebrantis was highly associated with
SPB-attacked plots, and this fungus is
reportedly one of the more pathogenic
among blue-stain fungi attacking loblolly
pine (21). The potential exists for patho-
genicity of blue-stain fungi on certain coni-
fer hosts in the absence of insect vectors
(10,14,19),

While both plantations and natural
gands had higher proportions of blue-stain
fungi in SPB plots than in control plots,
only plantations had a significantly higher
proportion’ of these fungi in the SPB plots.




The smaller sample size of- 10 natural
stands versus 30 plantations. iy aceount
for this. Stand characteristics between
control and SPB plots were equivalent in
both types of stands. While stand charac-
teristics were not statistically analyzed
between plantations and natural stands,
plantations had about 25% greater basal
area, tended to be younger, and had higher
growth rates Chart natural starids.” Further
studies on the distribution of blue-stain
fungi with respect to stand origin and fela-
tionships to SPB attack are needed

It is axiomatic Chat maintenance of op-
timal basal areais a primary requisite for
stand health and productivity in a variety
of coniferous forest types (6,8,13,15). The
significant logistic relationship found be-
tween increasing stand basal area and fre-
quency of occurrence of 0. ips; L. proce-
rum, and the combination of these fungi
and L. terebrantis in the non-attacked con-
trol stands may be a consequence of high
stand density resulting in an increased
likelihood that stress factors such as
drought might become important in predis-
posing stands to SPB attack (25). Thus, the
presence of these fungi relative tostand
density may serve as a risk indicator with
respect to SPB attack. Whether these fungi
and other blue-staining, pathogenic fungi
play roles as primary predisposing agents
to bark beetle attack or whether they are
secondary root colonizers of previously
stressed trees must be determined by fur-
ther research. On the other hand, we
speculate that the production of resinous
lesions in apparent response to infection hy
these fungi indicates the tree is expending
a certain amount of energy capital for the
production of defensive compounds. The
energy expenditure elicited by these root-
infecting fungi, in Cum, could result in
diminished host defensive response to
beetle attack. After successful attack ini-
tiation by the SPB as governed by tree
physiological status, climatic conditions,
beetle populations, and other factors, en-
hanced colonization of tree roots by blue-
stain fungi may take place as a conse-
quence of atack. This may account for the
even distribution of these fungi regardiess
olf stand basal areain the SPB-attacked
plots.

‘ Furthier fe§earch needs to be conducted

ont] ificance of these fungi inrela-
tion. to SPB attack. This rescarch should be

directed toward the understanding Of rela-
ips between possible vectors, soil

e factors, root distribution, and the
role of these fangal complexes in predispo-
sition of stands to SPB attack.
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